Retinal pigment epithelium: lysosomal enzymes and aging
The neural retina and its closely apposed layer of pigment epithelial cells form a functional unit essential for vision. In cases of retinal detachment or other conditions where this apposition is disturbed, vision is severely compromised.
Owing to their strategic location and their specialised transport properties, the retinal pigment epithelial (RPE) cells provide the principal mechanism for transfer of nutrients between the choriocapillaris and the photoreceptors. They are also the principal storage depot for vitamin A in the eye and these cells supply the essential visual cycle intermediate, 11 -cis retinal, to the photoreceptors for regeneration of rhodopsin. In some species the RPE cells are responsible for the synthesis and secretion of chondroitin sulphate proteoglycans of the interphotoreceptor matrix.
In addition to the foregoing functions, RPE cells play a major and essential role in the outer segment renewal process.`13 Rhodopsin, phospholipids, and other components of the disc membranes are synthesised in the endoplasmic reticulum of the inner segments and are afterwards transported to the base of the outer segments for assembly into new discs. These components are then displaced distally along the length of the rod outer segment, and finally, small packets of terminal discs are shed. In this way, despite the continuous formation of new discs, the photoreceptors maintain constant axial lengths. The outer segment tips shed in this process are rapidly phagocytosed by the pigment epithelium. This is not a random process, rather the greatest burst of shedding and phagocytic activity occurs after the onset of morning light.4
The whole process is light entrained and triggered by circadian rhythm.5 In most species, outer segment membranes are renewed every 10-14 days, and each RPE cell ingests 2000-4000 discs per day.6 Expressed differently, each RPE cell must not only phagocytose, but also degrade nearly 10% of adjacent photoreceptors each day.
Degradation of these ingested outer segments is achieved through a highly developed phagolysosomal system first described in human RPE by Feeney.7 Shortly after entering the RPE cell, the ingested outer segment discs rapidly fuse with primary lysosomes to form phagosomes,67 which are then converted to phagolysosomes in a two step process involving interactions between two different populations of lysosomes.' In the first, small lysosomes fuse directly with phagosomes to form the characteristic phagolysosomes; independently of this, small lysosomes also fuse with one another forming larger organelles which, at a somewhat later stage, also interact with phagosomes. Interchange of materials, or injection of lysosomal enzymes, is thought to occur during these two types of fusion. The two processes are independent of one another and are driven by mechanisms that are both circadian andlight triggered.
The concluded that there is a parallel loss of both photoreceptors and RPE cells during aging, the loss of photoreceptors being more pronounced in the equatorial region than at the fovea. Finally, the question of age-related changes in RPE lysosomal enzyme activities should be addressed. Although it is tempting to speculate that malfunctioning enzymes, especially in the macular region, could be involved in the pathogenesis of disorders such as age-related macular degeneration, there are only a few isolated reports examining this possibility. One study on enzyme measurements in cultured RPE cells from donors ranging in age from 19 to 80 years suggests a selective age-related decrease in a-mannosidase activity compared with other enzymes which were within the normal range.9 In contrast, in their paper Boulton et 
